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Abstract  
 The aim of this study is to assess the impact of industrial pollution on 
the growth and reproduction of the mussel Mytilus galloprovincialis from 
coastal region of El Jadida (Morocco). To this aim, three stations (S1, S2 and 
S3) are chosen according to their proximity to the industrial effluents of the 
chemical complex. The seawater and mussels (N = 100/ station) samples 
have been randomly and monthly collected for a period of 6 months 
(February-July 16). Mussels are distributed in 6 classes of size and measures 
of condition index and gonadic index are performed in the most common 
size classes. The results of the analysis of physicochemical parameters of the 
water show spatio-temporal variations with an acidic pH, high temperature 
and low salinity in the station near of industrials effluents. Regarding 
condition index and the gonadic index, there is no significant difference 
between the mussels collected from the reference station (S2) and the 
polluted station (S3). This can be explained partly by the adoption of a 
strategy of adaptation to the environmental stress caused by the industrial 
pollution.   
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Introduction 
 The coastline of the region of El Jadida is subject to changes imposed 
by the urban agglomeration and industrial infrastructure including processing 
units phosphates located at Jorf-Lasfar in the South of El Jadida. These 
various activities generate a change in the living environment of species 
colonizing this site by contamination that can affect the quality of life and 
threaten the ecological balance, and thus endanger animal and human health. 
Indeed, the coast of Jorf-Lasfar denotes high values of cadmium in seawater 
(Kaimoussi and al., 2001) and in marine animals especially the mussel 
Mytilus galloprovincialis (Essedaoui and al., 2001; Merzouki and al., 2009) 
and polychaete annelids (Ferssiwi and al., 2004) from the sites close to the 
effluence of phosphate processing industries in Jorf-Lasfar. 
 Growth is defined as the measure of the increase in size and weight 
of the individual, depending on time and environmental factors (biotic and 
abiotic). In a population of bivalve mollusc, the dynamic weight is closely 
related to the reproductive activity; it is disturbed by a processes associated 
with reproduction (Le Pennec, 1981). The temporary accumulation of 
reserves for the production of gametes occasions a sudden loss of weight, 
slows or a stops growth (Barille, 1996). This author suggests separating these 
two processes to accurately determine the influence of environmental 
constraints on growth or reproduction. Hence, there is a need to 
simultaneously undertake a study of growth and reproduction in bivalve 
mollusc. 
 The study of the biology and dynamics of mussel populations has an 
undeniable scientific interest. It is a reflection of overall response of 
organism and better reflects the effects of the contamination on the body and 
on the potential population (Amiard and Amiard-Triquet, 2008). These 
studies can provide the baseline data needed for all commercial exploitation 
of this mollusc, as well as for use in biomonitoring coastal (Mussel Watch). 
However, the mussels have long been considered sentinel species because of 
their relative immobility and their sedentary lifestyle that makes them 
acquire a broad spectrum of sensitivities to pollution thus polluting their 
storage capacity (Farrington, 1991). 
 In this study, we propose to evaluate the impact of industrial 
pollution and changes in physico-chemical parameters on growth (Condition 
Index) and reproduction (Gonadal Index) in the mussel Mytilus 
galloprovincialis collected at the stations prospected in the coastline from the 
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region of El Jadida. These stations have been chosen according to their 
proximity in the industrial effluents of the chemical complex. 
 This study has the following objectives: 
 * To measure the abiotic and biotic parameters in the different study 
sites S1, S2 and S3 located respectively at 28 km and 17 km to the North and 
1 km South from industrial effluents. 
 * To determine the condition index and the gonadic index in mussels 
belonging to the most frequent size classes in the prospected stations to 
detect a possible adaptation to the changing conditions of the environment. 
 
Materials and methods 
 To achieve the objectives, three stations have been selected at the 
coastline in the region of El Jadida (Morocco) according to their proximity to 
industrial effluents of chemical complex located at the coast of Jorf-Lasfar 
(Fig. 1). 
 
Figure.1. Geographical location of prospected stations at El Jadida -Morocco 
 
Location of the prospected stations 
 * Station “Hawzia” (S1): located 1 km North of the city of El Jadida 
and 28 km North of effluents of the phosphate complex in Jorf-Lasfar. This 
site is characterized by the absence of sources of pollution. 
 * Station “Sidi Bouzid” (S2): this is a beach resort located 5 km from 
the city of El Jadida and 17 km North of the industrial effluents of Jorf-
Lasfar. It is characterized by the upwelling causing a ride up of deep water 
charged with nutritional elements. This station is also characterized by the 
absence of effluents of different types. 
 * Station “Jorf-Lasfar” (S3): located at 25 km South of the city and 1 
km South of industrial effluents. This site is characterized by the presence of 
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several industrial units including the phosphate complex Morocco-phosphate 
III and IV and a thermal power station. This is a large industrial area with the 
largest port in Africa. The metal concentrations are very high, far exceeding 
international standards (Essedaoui and Sif, 2001; Merzouki and al., 2009). 
 
Measurements of abiotic and biotic parameters 
 The seawater sampling from the study sites have been monthly taken 
during a period of six months from February 2016 until July 2016 with three 
samples per station. The abiotic parameters measured in site are the 
temperature, pH, the conductivity and the luminosity by means of a portatif 
multiparameter (Odeon Open X) and a luximeter (la-Fayette DT-1300). In 
absence of the inverted microscope, the estimate of the abundance of 
planktonic species in seawater samples is carried out by light microscopy as 
described by Akllal (Akllal and al., 2002). 
 
Sampling and preparation of mussels 
 100 individual mussels of the species Mytilus galloprovincialis have 
been randomly picked per station per month throughout the study period. 
The samples are taken at low tide at the upper mediolittoral. Mussels are 
transported to the laboratory in a cooler. Upon arrival, they are brushed, 
cleaned of their epibionts and sorted by male and female sex and by the size 
of 5 mm interval. 
 
Measurement of condition index and the gonadic index 
 The condition index (CI) or the flesh index is measured in 100 
individual mussels taken from wild mussel and sorted by size class. Among 
the many formulas, we choose the AFNOR standard (NF V 45056, sep 85), 
amended in 2000 by an agreement: 
 
CI = (Weight of the flesh without water pallial / total weight) × 100 
 The mussels are dripped to eliminate intra-valvular water and 
weighed with a precision balance (RADWAG, AS 160.R2 ± 0.1mg). The 
measured weight parameters are: 
 • Weight of the flesh: it is the weight of the soft parts of the animal 
after having detached from the shell and rid of intervallic remaining; all fresh 
visceral mass dripped is weighed. 
 • Weight of the shell: is weighed after removing the flesh of the 
animal. 
 • Total weight : shell weight and the weight of the flesh. 
 The gonadic index (GI) shows the relationship between a quantitative 
descriptor of the sexual apparatus and a quantitative descriptor of somatic 
organs (Regis, 1979). Since the gonads in mussels are mainly contained in 
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the mantle lobes, the weight of the mantle can be an approximation of the 
weight of gonads. The formula used to measure the gonadic index is (Guettaf 
and San Martin, 1995):  
 
GI = (gonad weight / weight of the flesh without mantle water) × 100 
Statistical treatment of results 
 Measures of condition index and the gonadic index are expressed as 
mean ± standard deviation. The monthly average is obtained by summing the 
individual measures of each size class. The difference averages are obtained 
according to a part of prospecting stations and secondly based on month 
samples is assessed using analysis of variance, which provides the variance 
through the parameter F Fisher (squares report means groups / square error 
means) and the degree of significance p (probability of being outside the 
confidence interval). The difference is considered significant if p <0.05. The 
Statistica software is used for the statistical treatment. 
 
Results 
Results of abiotic and biotic parameters 
 During the study period, measurements of the temperature and pH 
show similar fluctuations in all study sites (Fig. 2). Indeed, the highest values 
of temperature are recorded at S3 which also has the lowest pH values 
varying between 6.4 and 7.5. 
 According to Figure. 3, the salinity of the seawater presents similar 
variations in the stations S1 and S2. It is comprised between 30‰ and 35‰. 
However, at the station S3, this value is lower. It oscillates between 28‰ and 
30‰. Furthermore, the intensity of light shows almost the same values in the 
various stations studied during the study period. There is a progressive 
increase from February until July-16. 
 
Figure. 2. Spatio-temporal variations of temperature and pH (mean ± standard deviation) of 
water 
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Figure. 3. Spatio-temporal variations of salinity and luminosity (mean ± standard deviation) 
 
 The density of plankton (Fig. 4) shows, in the three stations studied, 
similar variations illustrated with low values in February, which 
progressively increase reaching a peak in March and decreases progressively 
from April. At the stations S1 and S2, the detected density varies between 6 
ind./0.1 ml to 13 ind./0.1 ml. Moreover, the station S3 present significantly 
lower values (p <0.001) compared to two other stations throughout the study 
period (2 to 6 ind./0.1ml). 
 
Figure 4. Spatio-temporal variations of plankton density (mean±standard deviation) 
 
Condition index (CI) 
 The condition index is measured in the mussels of the most frequent 
size classes studied at stations namely, [25-30] [30-35] [35-40] and [40-45]. 
 
Comparison of the condition index between different size classes in the 
three stations: 
 In mussels from station 1 (Fig. 5), the CI has very highly significant 
variation (p<0.001) at the date of sampling. Indeed, the highest values are 
recorded in May-16 (37.2 ± 4.90 and 35.2 ± 3.30 respectively for the size 
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classes [35-40] and [30-35]) and lowest values in the month of March -16 
(21.1 ± 1.70 and 24.4 ± 2.90 respectively for the size classes [40-45] and 
[35-40]). Moreover, at the stations S2 and S3 (Fig. 5, 6), CI shows a non-
significant difference between the different months of levy, seasonal 
fluctuations are not very marked with a maximum of 24.4 ± 3.30 [30-35] and 
23.5 ± 0.01 [25-30] respectively at S3 and S2 and a minimum of 17.2 ± 1.90 
[40-45] 18.1 ± 2.40 [40-45] respectively at S3 and S2. However, in the three 
prospected stations, no significant difference in the CI is recorded among 
size classes [25-30] [30-35] [35-40] and [40-45] during the study period. 
 
Figure 5. Condition index (mean±standard deviation) of the different size classes of stations 
S1 and S2. (For each month, size classes with same letter were not significaltly different) 
 
 
Figure 6. Condition index (mean ± standard deviation) of the different size classes of station 
3.(For each month, size classes with same letter were not significantly different) 
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the CI oscillate between 30.1 and 37.5 during the months of April, May, 
June, and July-16 in S1. However, in S2 and S3, averages do not exceed 21.8 
during the same study period. 
 In S1, a decline in CI is observed in the size classes [35-40] and [40-
45] during the month of March-16 and in the size classes [25- 30] and [30-
35] in the months of February and March-16 as compared to other months of 
sampling (Fig.  8). However, in S2 and S3, the comparison between the 
averages of the CI registered in size classes studied shows no difference 
(NS). These averages vary between 17.2 - 25.3 for S3 and 18.1-23.5 for S2. 
 
Figure. 7. Spatio-temporal variations of the condition index for the class [25-30] and [30-
35]. (*: p< 0,05; **: p< 0,01 ; *** : p< 0,001 ; NS : Not Significant) 
 
 
Figure. 8. Spatio-temporal variations of the condition index for the class [35-40] and [40-
45]. (*: p< 0,05 ; **: p< 0,01 ; *** : p< 0,001 ; NS : Not Significant) 
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February-16 at the station S1 and between 4.2 and 16.4 at the stations S2 and 
S3. Moreover, the size class mussels [40-45] from the stations S2 and S3 
have higher values of GI compared to other size classes during the months of 
February, March, April-16. In contrary, at station S1, the size class mussels 
[30-35] shows a higher GI during the months of February, May and June-16 
as compared to other size classes. Note that the GI measured presents 
significant temporal variations between different samples within the same 
station. 
Table 1 : Gonadic index (mean ± standard deviation) of the different size classes of stations 
S1, S2 and S3.  
 
Size Classes 
February-
16 
March -
16 
April-16 May-16 June-16 July-2016 
S
ta
ti
o
n
 S
1
 
[25-30] 19.8± 2.5 18.5±2.2 18.6±6.0 17.4±6.6 15.3±1.5 15,2±7.0 
[30-35] 23.7±8.3 25.7±7.2 20.2±3.6 28.0±10.8 22.6±8.4 28,6±6.1 
[35-40] 20.2±7.9 25.6±6.5 27.8±8.2 23.4±8.3 20.1±9.6 29,7±6.8 
[40-45] 18.3±6.1 20.8±6.9 25.5±7.2 25.4±8.1 23.1±6.3 29,1±6.7 
S
ta
ti
o
n
 S
2
 
[25-30] 9.1±4.2 8.2±2.3 4.1±2.1 5.3±2.3 4.2±1.0 12,7±4.2 
[30-35] 10.6±5.4 13.9±6.6 9.8±5.8 8.9±5.6 3.7±2.1 12,0±5.7 
[35-40] 12.5±4.7 18.4±8.8 8.5±4.4 9.5±5.3 7.5±4.2 12,9±4.9 
[40-45] 18.0±8.5 20.0±6.5 13.8±6.2 12.4±5.1 9.5±3.2 15,4±5.8 
S
ta
ti
o
n
 S
3
 
[25-30] 16.4±6.3 15.2±4.2 11.9±5.2 4.5±2.2 7.7±4.5 15,3±8.1 
[30-35] 19.7±10.2 15.2±7.6 13.1±7.4 6.8±3.5 10.3±4.5 11,0±6.1 
[35-40] 19.9±6.4 18.5±2.1 13.2±5.1 15.9±2.4 12.5±4.6 12,1±3.4 
[40-45] 21.5±7.9 23.5±6.3 18.4±6.2 15.9±5.3 13.1±5.9 26,4±5.3 
 
Comparison of gonadic index between various stations studied in the 
most frequent size classes of Mussel: 
 Measurements of the GI performed in the size class of mussels [25-
30] [30-35] [35-40] [40-45] taken in S1 are significantly higher (p <0.001) 
compared to mussels from S2 and S3 near industrial effluents during the 
months of March, April, May and June-16 (Fig. 9 and 10). These values vary 
between 20.2 ± 3.6 and 28.0 ± 10.8 in the size class mussels [30-35] sampled 
in S1 and do not exceed 13.9 ± 6.6 in S2 and 15.7 ± 6.1 in S3. The 
comparison of the average GI mussels from stations S2 and S3 shows no 
significant difference in the [30-35] size classes and [35-40] in the months of 
March and April-16 and for size class [25-30] in the months of May and 
June. Note that in S3, the GI is relatively higher compared to the S2 in most 
size classes studied. 
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Figure. 9. Spatio-temporal changes in the gonadic index (mean ± standard deviation) for the 
class [25-30] and [30-35]. (*: p< 0,05 ; **: p< 0,01 ; *** : p< 0,001 ; NS : Not Significant) 
 
  
Figure. 10. Spatio-temporal variations of the gonadic index (mean ± standard deviation) for 
the class [35-40] and [40-45]. (*: p< 0,05 ; **: p< 0,01; *** : p< 0,001 ; NS : Not 
Significant). 
 
Comparison of spatial and temporal variation of condition index and the 
gonadic index 
 The comparison of the evolution of the GI and the CI (Fig. 11) shows 
that in S1 the increase of GI is accompanied by an increase of CI, except for 
the month of March-16 where gonadic development is accompanied by a 
decrease in the level of development of the flesh of the animal. On the other 
hand, from the month of April we observe a simultaneous increase in both 
indices up to June-16. 
 In size class mussels [35-40] in S1, for example, the gonad 
maturation phase is characterized by an increase in CI that passes from 24.8 
± 3.3 in March to 35.8 ± 4.5 in May. The falling in the value of the CI in 
March corresponds to the laying phase which is spread out between February 
and March-16. 
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Figure. 11. Changes in the condition index and gonadic index (mean ± standard deviation) 
during the study period. 
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Discussion  
 Monthly statements of water temperatures of the three stations 
(Hawzia, Sidi Bouzid and Jorf-Lasfar) show the existence of two distinct 
periods: one of low temperature from February to March, with a minimum of 
17.5 °C recorded in February, and a second at high temperature, which is 
spanning from the March to July with a maximum of 25 °C in the polluted 
station (S3). This temperature difference is due to industrial effluents of the 
chemical complex. Regarding salinity, it shows seasonal fluctuations with 
lower values in S3. This is explained by the high dilution by high intakes of 
water, originating from discards. Concerning pH, S3 shows acid values 
which can be explained by the existence of phosphogypsum effluent from 
Morocco-phosphate complex III and IV. 
 Analysis of physicochemical parameters of the water is of major 
importance in the study of the growth and reproduction of the mussel Mytilus 
galloprovincialis. Indeed, the temperature is directly involved in the 
biological process. The molds are poikilothermic (Lubet, 1959). The 
temperature variations are insufficient to explain alone the punters (Incze and 
al., 1980), but they act as a "trigger" on animals that already reach sexual 
maturity. Therefore, the seasonal variations in this parameter must be taken 
into account (Amiard and al., 1995; Longstone and Spence, 1995). 
 The plankton levels show high values during spring and low in winter 
and summer periods. In a functioning ecosystem study, the phytoplankton 
density and the observed fluctuations are strongly influenced by the 
temperatures and light intensities. The low content of phytoplankton, 
registered in cold periods, is explained by low temperatures. The high 
amplitude of temperature variations plays a direct role in the succession of 
planktonic species. Plankton blooms are an essential food intake to the mold; 
they stimulate sexual maturation, both in importance by the suddenness of 
their appearance (Cartier and al., 2004). 
 The results of measuring the condition index in the mussel Mytilus 
galloprovincialis show that this index is better in S1 (Hawzia). These values 
can be explained not only by the probable appearance of phytoplankton 
blooms and thereby the abundance of food but also the likely achievement of 
the optimum physiological temperature that allow a better metabolization of 
the products of digestion. According Romeo and al. (2000), the condition 
index is associated with water temperature and corresponds to filling ratio of 
the shell by soft tissue. It therefore informs about the nutritional and 
physiological state of the animal. The growth is characterized by an increase 
in size and weight depending of time and environmental variables. However, 
in bivalve molluscs, especially in mussels, reproduction-related processes 
disrupt this pattern in a temporary accumulation of large reserves that are 
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subsequently converted into gametes then expelled during spawning, causing 
a sudden loss of weight (Lubet, 1981). 
 It is also noted that during the sexual activity phase, the individual 
variations are important and would, according Dridi and al. (2008), be 
probably generated by physiological changes associated with gametogenesis 
and issuance gametes. In bivalves, several factors such as physical and 
nutritional status of the environment (Utting 1986) and physiological 
parameters (Bayne and al., 1999) would influence their speed linear and 
weight growth. 
 Observation of high values of this index in winter is explained by the 
accumulation of reserves in the gonads that come into sexual maturity phase. 
However, at Sidi Bouzid (S2) and Jorf-Lasfar (S3) stations, we find that the 
values of this index are low compared to Hawzia station (S1). This 
difference is probably due to the time spent by the animal in the water which 
is important in these two stations. Thereby pushing these animals to spend 
their energy in the thermoregulatory process instead of filling. 
 The reduction in condition index would correspond to spawning 
phases. Similar observations are reported by many authors (Lasiak and 
Barnard, 1995; Mc Quaid and Lawries, 2005). Other authors explain that the 
decline in the index is due to poor trophic conditions or following an egg that 
spawn weight loss (Barille, 1996; Dorange and al,. 1989; Paulet and al., 
1992) or following metal pollution that causes the fall of the degree of filling 
of shells (Merzouki and al., 2009). 
 
Conclusion 
 It is necessary to point out that the results of condition index and the 
gonadic index obtained in mussels from S3, whose cadmium concentrations 
in the digestive gland of the bivalve are higher than the norms (Essedaoui 
and al., 2001), are similar to that obtained from S2. This station is located at 
17 km North of effluents industrials and characterized by the absence of any 
type of industrial or domestic pollution. This result makes us assumed that 
metal pollution has no effect on both the growth and reproduction of Mytilus 
galloprovincialis. The mussels have probably adapted to local conditions by 
the high accumulation of toxic metals and their storage under 
metallothioneins form (Amiard and Amiard-Triquet; 2008). In response to 
stress, certain species promote a proactive strategy others a reactive strategy. 
One can expect a high variability of physiological responses triggered by a 
stressor (Wenderlaar and Balm, 1999). This study will be completed by the 
study of the impact of pollution on the population dynamics of Mytilus 
galloprovincialis in the coastal region of El Jadida Morocco.  
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